The purpose of this study was measurement of university students' meta-cognitive awareness in mathematical problem solving by two different methods; include "protocols analysis and self-questionnaire". The subjects were asked to write their total mental processes during solving a non-routine problem. Their papers were analyzed by Foong's model. Immediately after solving the problem, the students were asked to respond to the valid metacognitive inventory (reliability obtained 0.722 by Cronbach's alpha). The results revealed a moderate and significant correlation between students meta-cognitive awareness which obtained via meta-cognitive inventory and protocol analysis (r [64] =0.417, p 0.05). Consequently, this study suggests that use of multiple methods for measuring metacognition provide a more reliable picture of the phenomena under investigation. © 2010 Elsevier Ltd. All rights reserved.
Introduction
The important of meta-cognitive awareness in learning of students has been widely acknowledged (Anderson & Walker, 1991 , Baird, 1998 , Biggs, 1987 , Birenbaum, 1996 , Brown & De Loache, 1983 , Campione, 1987 , Gourgey, 1998 , Pintrich, & De Groot, 1990 , Schraw & Moshman, 1995 , Schoenfeld, 1987 , and Wilson & Wing Jan, 1993 , 1998 . The role of metacognition in teaching and learning was reported by Hartman (1998) as an especially important issues because it will affects so many elements, such as acquisition, comprehension, retention and application of what is learned (Wilson, 1999) . Baker and Brown (1984) defined meta-cognition as awareness and control of one's learning. In another definition which defined by Flavell (1979) meta-cognition was known as awareness of how one learns, awareness of when one does and does not understand, knowledge of how to use available information to achieve a goal; ability to judge the cognitive demands of a particular task, knowledge of what strategies to use for what purposes and assessment of one's progress both during and after performance. The cognitive strategies enable one to make progress to build knowledge, in contrast meta-cognitive strategies enable one to monitor and improve one's progress to evaluate understanding and apply knowledge to new situations. Thus, metacognition is vital to cognitive effectiveness. According to Brown (1987) meta-cognition is divides into two broad categories: (1) knowledge of cognition, as activities that involve conscious reflection on ones cognitive abilities and activitie of cognition, as activities regarding self-regulatory mechanisms during an ongoing attempt to learn or solve problems. She reported that these two forms of metacognition are closely related, each feeding on the other recursively, although they can be readily distinguishable.
One of the main problems in each empirical research and especially on the field of metacognition is to develop and use of valid instruments and methods to measure meta-cognition. According to Georgiades (2004) the study of meta-cognition is heavily dependents of the development of valid measuring instruments and specifically appropriate tasks to measure metacognitive ability. There are two main sources which arise the complexity of this task, first the lack of a generally accepted conceptualization of what really the construct means and second the fact that metacognition is an inner awareness or process rather than an overt behavior and consequently individuals themselves are often not conscious of these processes. There are some empirical studies which conducted by Garner and Alexander (1989) on the measurement of metacognition which suggested that the following questions: "How can we measure knowledge about knowledge more accurately?"; "How can we measure the effects of strategy training?" Many researches carried out by researchers to find answer for these questions, designing instruments and methods to measure metacognition as a whole or components of it; those were then tested with learners in different domains. These methods are consisting self-questionnaire, where learners themselves rate their metacognitive skills and knowledge, to interviews or verbal-reports, in which the learners recall what they did and what they thought during learning experience. All researchers believed that all such methods are fallible, not least because measuring metacognition is a very difficult task. Thus, many researchers have recommended the use of multiple methods that do not share the same source of error to provide a more reliable picture of the phenomena under investigation for measuring meta-(1987) 'theory, using the term meta-cognition to refer to two distinct areas of research makes the research procedure more difficult and creates confusion clouding interpretation of research findings. Flavell ' (1987) believed that methods for measuring and assessing meta-cognitive awareness would soon be developed, each of the proposed so far methods has different strengths and weaknesses. For instance, make interview is one of the most popular methods in measuring metacognition, research has convincingly shown that verbal reports of all types are subject to many constraints and limitations (cited in Panaoura & Philippou2005). Schoenfeld (1985) stated that there are many methodologies which will illuminate some aspects of behavior but distort others. The subject's tendency to perform in front of a microphone, their beliefs about the research requirements or about the discipline as environmental factors can affect the results.
Methodology
Wherefore complexity nature of meta-cognition, there is broad consensus among researchers that all methodologies applied in this area of research are fallible, have strengths and weaknesses, and feel that the strengths of one single methodology can complement the weaknesses of another methodology. Thus, we used mixed methodology (protocols analysis and self-questionnaire) for measuring of meta-cognitive awareness. To this end, we studied some of inventories that have been used for the measurement of metacognition. For instance, Fortunato, Hecht, Tittle and Alvarez (1991) , Schraw and Sperling-Denisson (1994) , Goos, Galbraith and Renshaw (2000) Sperling et al. (2002 ), Panaoura& Philippou (2005 , and Biryukov (2004). Finally we have developed an inventory based on the inventories that used by Fortunato, Hecht, Tittle and Alvarez (1991) with seventh-grade students and Goos et.al (2000) . In order to make the inventory more appropriate for older students, we modified the original version by deleting some items, rewording others and including some new items. In the present study the inventory consisted of 25-items and students according to their mental processing in during solving a non-routine problem responded by ticking boxes marked Yes=2, No=0, or Unsure=1, for each item.
For appraisal reliability of this instrument, we used Cronbach's alpha values to evaluate its internal consistency. After statistic analyzing, the Cronbach's alpha value of 25 items was 0.722, that indicate the inventory had a good internal consistency. The participants of this study were 64 university students (34 boys and 30 girls) who enrolled in calculus course in the Kurdistan university in western of Iran. 30 minutes was allocated for solving a non-routine mathematics problem. In this research the students have been asked to write their total mental processes during solving the non-routine problem. Immediately after solving the problem, the students have been given the inventory to answer the questions according to their mental processes during solving of the problem. The Problem solving protocols were initially analyzed using a taxonomy modified from the one previously derived in the study on problems solving (Foong, 1993) . Taxonomy of problem solving behaviours based on Foong's taxonomy involved five phases: Problem orientation behaviour, Heuristic problem solving behaviour, Domain-specific behaviour, Affective behaviour, and Meta-cognitive behaviour. In this taxonomy meta-cognitive behaviours requirements (M2), reviewing progress (M3), recognizing error (M4), and detecting new development (M5). The students who solved the problem correctly called successful students and students who were failed in solving the problem called unsuccessful students. The design of this study is independent two sample t-test which compared two groups of successful and unsuccessful students on meta-cognitive awareness which obtain through protocol analysis and meta-cognitive inventory as two methods of measurement of meta-cognitive awareness.
Data analysis
According to Table 1 , which is based on students' meta-cognitive strategies which obtained through analysis of solution protocols, among 64 students, 31 students solved the problem correctly and complete (successful students) and 33 Students were failed in solving the problem(unsuccessful students). This table shows the total number of meta-cognitive strategies which used by successful students is 132 and this number for unsuccessful students is 118. In addition, the number of strategies of clarifying task requirements, reviewing progress and detecting new development which used by successful students are greater than unsuccessful students. According to table 2, we can see that base on protocol analysis; the meta-cognitive strategies frequency mean of successful students was more than unsuccessful students (as much as 0.68). In addition, the results of T-independent samples test revealed that there is a significant difference at the level p<0.05 between meta-cognitive strategies mean of successful and unsuccessful students (t[62]=2.11, p<0.05). In addition, the frequency of students' responses to meta-cognitive inventories which consisted of percentage and number of students who responded to Yes, No or unsure, gathered in table 3. The next row of each statement shows the number of successful and unsuccessful students who responded to Yes, No or unsure options. For instance, in question 2, 25% of all students responded to Yes, 61% responded to No and 14% of them responded to unsure and in next row of this question, 9 successful students and 7 unsuccessful students responded Yes, 19 successful students and 20 unsuccessful students responded No and 3 successful students and 4 unsuccessful students responded unsure. The results of analysis of students' responses to the metacognitive inventories showed that, the mean of metacognitive awareness of successful students is 38.35 and this mean for unsuccessful students is 32.06. Also The result of T-independent samples test showed that there is a statically significant difference between mean of metacognitive awareness of successful and unsuccessful students in mathematical problem solving and this difference was significant at p<0.01 level (t[62]=4.104, p<0.01). the results summarized in table 5. Another interest finding of this study was, the exits of a moderate and significant correlation between students metacognitive awareness which obtained via meta-cognitive inventory and protocol analysis (r [64]=0.417, p=0.011). This correlation shows, these two measurement methods are appropriate for measuring meta-cognitive awareness and also both methods are correlated together.
Conclusion
The results of this study showed that the use of different methods for measuring of meta-cognition makes different results. As mentioned, the means difference of successful and unsuccessful students' meta-cognitive awareness base on inventory was significant at 0.01 level, while means difference was significant at 0.05 level in protocols analysis. Although the obtained results by inventory were more accurate rather than the results which obtained by protocols analysis, but we can't confirm that reliability of this results is completely high; because answers may be given to please the investigator/ teacher; difficult to answer about at least partially automated processes; while protocols of problem solving are document and testable. In addition, one of the main problems in protocols analysis is that there isn't completely agreement between analyses by different researchers. Although we believe that the inventory has been developed can be used for the measurement of university students meta-cognitive awareness in mathematical problems solving, but a second study can examine the validity of this inventory.
